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ABSTRACT

The chain transfer constants for selected telogens were
determined with styrene in both bulk and emulsion
polvmerization systems. Since the locus of chain trans-
fer, like polymerization. is primarily in the micelles or
polvmer particies. the chain transier constants of water-
insoluble telogens were similar in both svstems. However,
these values were different for water-soluble telogens and
the difference was greatest for the most soluble telogens.
The ratio of the chain transfer constants in bulk and
emulsion svstems is apparently related to the sclubility
parameters of telogens in a homologous series.

"TRODUCTION

It is generally accepted that the locus of polymerization of water-
insoluble monomers in emulsion systems is primarily in the
micelles or polymer particles [ 1]. It is also recognized that
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the polymerization of more water-soluble monomers in emulsion
systems takes place both in the micelles and in solution.

Polymerization reactions in bulk and emulsion systems may
also involve metathetical reactions in which the propagating
macroradical is terminated by ccupling with radicals that are
abstracted from the initiator, mocnomer solvent, polymer, or
other foreign substance. The new free radical which is produced
oy this abstraction may initiate a new chain reaction which may
or may not have a propagaticn probability similar to that in which
the original macroradical was produced. Thus Flory [ 2] defined
this chain transfer as a reaction in which the growth of individual
polymer molecules {s limited but the number of active centers
remains unchanged.

Additives under the names of chain transfer agents, telogens,
regulators, or modifiers are widely used for the control of molec-
ular weight and for the producticon of telomers. The values for the
chain transfer constants for a large number of telogens have been
published [3]. Most of these constants were obtained by bulk
polymerization of specific monomers in the presence of varying
concentrations of telogens while keeping all other variables
constant,

While the chain transfer constants of several organic sulfur
telogens [ 3] and benzene derivatives with styrene [ 4] have been
reported for emulsion polymerizations, the corresponding values
for bulk polymerization are not readily available. However, it
has been reported that when all the telogen is dissolved in the
polymer particles the chain transfer constant for octyl mercaptan
is similar for bulk and emulsion systems at zero conversion | 3.
The chain transfer constants for benzene with styrene have been
reported as being 4 % 107° and 2 X 107" in buik and emulsicn,
respectively [6].

The chain transfer constants of a water-insoluble telogen should
be similar in oulk and emulsion systems providing the chain trans-
fer with water is negiible. However, water-soluble telogens, like
water-soluble monomers, should behave differently in emulsion
than in bulk polymerization svstems. This investigation was
undertaken in order toc determine the chain transfer constants
of selected telogens in bulk and emulsion golymerization svstems
with the objective of showing that the locus of chain transfer in
emulsion systems was primarily in the micelles or poiymer
particles.
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DISCUSSION

It has been maintained that chain transfer to azobisisobutyro-
nitrile is neglible, but Pryvor [ 7] has shown that this initiator does
have an appreciable chain transfer conswant with styrene. This
initiator was used in this investigation but since its concentration
was constant. its effect in the bulk svstems would be consistent.
Likewise. there is some chain transfer to emuisifiers { 8] but
since the emulsifier content was constant, this effect in the emul-
sion polvmerizatrion svstems in this investigation should be
censistent.

It has been previously reported that there is little chain transfer
1o water [ 9, 10,. However, as shown in Taile 1. the chain transfer
constant for water to styvrene in bulk polymerizations is measurable.
The presence of the hydroxyl groups on the polystyrene produced
can be demonstrated by a dveing technique | 11}, However, as
shown in Table 1, no transfer to water was noted in emulsion
polymerization and hence this effect is not significant in this
investizaticn.

As evident from the Mayo equation [ 12]

SRS

1 [telogen]
DP DP, ° [ styrene]

the chain transfer constants (CS}‘ for styrene in both bulk and emul-

sion polymerizaticn svsiems are dependent on the cencentration of
the styrene monomer and the telcgen. Since the accessability of
styrene to the locus of polymerization would be similar for com-
parable emulsion systems, the mcst important factor in these
polymerizations would be the difference in the solubility parameter
(3} of the telogen and water [ 13]. It has been noted previously that
the chain transfer constants for alkyl mercaptans in emulsicn
polvmerization sysiems were related to their solubility [ 14, 15].
As shown in Table 1, the chain transfer constants for
l~propanethiol. l-decanethiol. and carbon tetrachicride with
styrene were similar for both bulk and emulsion systems. The
differences between the chain transfer constants {or other telc-
gens in bulk and emulsion systems were related to the water
solubility of the telogens. While there are not enough data to
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justify drawing curves, the ratio of the chain transfer constants in
bulk and emulsion systems is apparently related to the solubility
parameters of telogens in a homologous series.

EXPERIMENTAL

Bulk polymerizations of styrene were conducted at 80°C in the
presence of 2.3% azobisisobutyronitrile and with varying amounts
of telogen. These telogens were also present when styrene was
polymerized in emulsicn at 80°C in the presence of potassium
persulfate and a nonionic emulsifier.

The polymeric product wvas removed irom these systems in the
early stages of polymerization by precipitaticn or coagulation. The
limiting viscosity number [n] of benzene solutions of these polymers
was calculated irom the following relationship for the specific vis-
cosity (nsp), the relative viscosity (nrel)’ and the concentration (C):

77su =3 nrel

(n] = T

The average degree of polymerization (DP) was calculated from
the limiting viscosity number of the benzene soluticns using the
equation: DP =3.203 + 1.37 log [n]. A Fortran IV computer pro-
gram was written as a computational aid for speed and accuracy.
The least squares method was used for the calculation of the slope
(CS,‘ and the intercept (1, DPs) in the Mayo equation given in the

Discussion.

The presence of carboxyl groups in the telomers was verified by
dye formation | 10]. The presence of hydroxvl groups was demon-
strated by dye formation of the reacticn product of the telomer and
maleic anhydride. The presence of other groups was determined
by noting peaks not attricutable to polystyrene in the pyrolyzates
of the telomers. The areas of these peaks increased linearly as
the concentration of telogens was increased | 18].

Pyrolyzates were obtained bv ccating a platinum c¢9il with a
benzene solution of the telomers and charactarizing the off-gases
{rom the hearted ccil using a Wilkins Instrument and Research,
Inc., Model A100C Chromatograph. Chromosorb W with 20%

SES2 ccating was used in a 3.05 m X 8.25 mm copper column with
helium as the carrier gas. The pyrolyzates were identified by a
comparison of the retention times of known compounds.
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CONCLUSIONS

The chain transfer constants of water-insoluble telogens were
similar when styrene was polvmerized in either bulk or emulsion
systems. These values diifered when more water-soluble telogens
were used. The ratio of the chain transier constants in bulk and
emulsion systems is apparently related to the solubility param-
eters of telogens in a homclogous series.
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